Autism spectrum disorder (ASD) is a neurodevelopmental disorder of unknown etiology. Social deficits represent one of the core symptoms of the diagnosis. The aim was to reveal possible correlations among peripheral levels of oxytocin and testosterone with behavioral and symptom characteristics in patients with ASD. 8 children with ASD were recruited and underwent psychological profiling. Blood oxytocin and testosterone levels were analyzed using ELISA method. Oxytocin levels positively correlated with Adaptation to change category of CARS-2 (P = 0.008, R = 0.848) and Vineland-II maladaptive behavior scores (P = 0.004, R = 0.884). No significant correlations were found among testosterone levels and behavioral parameters. Higher oxytocin levels were connected with more severe adaptive behavior in ASD patients. Increased oxytocin levels in children with more severe phenotype could be a result of compensatory mechanism of impaired oxytocin signaling. Oxytocin seems to employ distinct mechanisms in regulating social behavior in autism and healthy population.
Introduction
Oxytocin is a neuropeptide widely promoting high variety of effects on brain functions. One of the most studied is the prosocial effect of the hormone. Oxytocin was found to improve several aspects of human social behavior such as interpersonal trust [1] , eye contact [2] , empathy measured as the ability to infer mental states of the others [3] .
Autism spectrum disorder (ASD) is a neurodevelopmental disorder with core symptoms including social deficits, impaired communication and repetitive behaviors.
Several studies have shown altered plasma levels of oxytocin. Modahl et al. [4] has found reduced oxytocin levels in 29 prepubertal boys with autism compared to 30 age-matched controls in US population. Green et al. [5] has found an alteration in oxytocin peptide processing in this sample, oxytocin plasma levels were decreased and levels of oxytocin C-terminal extended peptides were increased in autism boys compared to healthy subjects. Oxytocin and vasopressin levels were found to be reduced in 77 autistic boys from central Saudi Arabia compared to controls [6] . Andari et al. [7] found profoundly decreased oxytocin levels in 13 high functioning autism patients relative to controls in French population. However, Miller et al. [8] found no differences in oxytocin and vasopressin levels among 75 autistic patients compared to age-matched controls in US population.
Not surprisingly, oxytocin administration is tested as a main or supportive treatment of mental disorders with social deficits, stress-related behaviors and anxiety. Intranasal and intravenous oxytocin administration was shown to improve some of the clinical autism symptoms, such as repetitive behaviors [9] , to increase social learning [10] , to increase social recognition in reading the mind in eyes test and emotionality [11, 12] , and to improve social interaction in high functioning autism patients [7] . There are sex differences in the oxytocin system. A trend to increased plasma oxytocin levels in females was found [13] , probably since the expression of oxytocin and its receptor is estrogen dependent [14] . Active mechanisms employing estrogens together with oxytocin and oxytocin receptors may provide a protective milieu partially explaining lower incidence of autism spectrum disorders in females.
ASD is 3 -4 times likely to occur in males than in females. Sex differences in autism incidence also suggest that sex hormones may play a role in ASD etiology. Testosterone and other androgens were found to be increased in plasma or saliva of autism patients [15] [16] [17] . Moreover, Baron Cohen in his hypermale brain theory of autism suggests that autism traits develop as a result of increased prenatal testosterone influence [18] . Other evidences supporting this theory involve girls with congenital adrenal hyperplasia who were prenatally exposed to high testosterone levels, display more autistic traits and male types of behavior [19] . Nevertheless, the ratio of length of second to fourth digit, an indicator of increased prenatal testosterone influence, was found to be lower (more masculine) in ASD subjects [20] . In addition, elevated rates of hyperandrogenism symptoms were found in women with ASD [21] .
The aim of the present preliminary study was to reveal possible connections among peripheral levels of oxytocin and testosterone and different aspects of ASD symptomathology and behavioral characteristics.
Patients and Methods
The study was approved by the Institutional Review Board at Nova Southeastern University (NSU), Fort Lauderdale, Florida, USA. After signed consent 8 children with ASD were recruited into the study (7 boys, 1 girl, age 4.12 ± 0.64 years). Diagnosis of Autism Spectrum disorder was determined by clinical psychologist at Mailman Segal Center , Fort Lauderdale, FL according to DSM-V manual. Children also underwent behavioral testing by trained specialists at Mailman Segal Center. The behavioral and diagnostic tools involved: Autism Diagnostic Observation Schedule (ADOS), a semi-structured assessment that consists of various activities that allows the observation of social and communication behaviors related to the diagnosis of ASD; Childhood Autism Rating Scale, 2nd Edition (CARS-2), a 15-item behavior rating scale used to identify children with autism and to distinguish severity of the disorder, Autism Diagnostic Interview-Revised (ADI-R), a comprehensive interview administered to parents that provides a thorough assessment of individuals with ASD; Preschool Language Scales, Fifth Edition (PLS-5), a language measure that assesses auditory and expressive communication skills; Mullen Scales of Early Learning (MSEL), a developmentally integrated system that assesses language, motor, and perceptual abilities for children ages birth to 68 months of age; Vineland Adaptive Behavior Scales, Second Edition (Vineland-II), used to assess children's adaptive behaviors and includes the following subdomains: communication, daily living skills, socialization, and motor skills; Child Behavior Checklist for Ages 1.5 -5 (CBCL), an instrument used to rate a child's difficult behaviors and competencies and Social communication questionnaire (SCQ), a brief instrument that evaluates communication skills and social functioning in children with ASD. Demographic data of the patients as well as their ADOS scores are displayed in Table 1 .
Venous blood samples were drawn from all children at Pediatric Clinic at Sanford L. Ziff Health Care Center, NSU. Plasma oxytocin and testosterone levels were measured using an ELISA method (Enzo Life Sciences, DRG-diagnostics, respectively) at a laboratory of college of Pharmacy, NSU. Correlations of hormonal levels and behavioral scores were assessed using Pearson correlation test. Subsequently, children were divided into two groups-low oxytocin group (below 200 pg/mL) and high oxytocin group (above 200 pg/mL) (low OT, high 
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OT group). Differences in behavioral scores among these groups were evaluated using unpaired t test.
Results
Oxytocin (OT) and testosterone (T) levels in our patients are depicted in Table 1 .
Oxytocin levels positively correlated with Adaptation to change category of CARS-2 (P = 0.008, R = 0.848) and Vineland-II maladaptive behavior scores (P = 0.004, R = 0.884). Maladaptive behavior in Vineland-II scale consists of Internalizing and Externalizing scores. Oxytocin levels correlated positively with both of these scores (P = 0.008, R = 0.847, P = 0.025, R = 0.770, respectively) (Figure 1) .
No significant correlations were found among testosterone levels and behavioral parameters.
To focus more on the relationship among oxytocin levels and behavioral scores we have divided patients into two groups: low oxytocin (low OT) and high oxytocin (high OT) group (below and above 200 pgl/mL), four patients referred to each group. Differences in all parameters among these groups were tested using parametric test (unpaired t test). Oxytocin levels were significantly lower in low OT than in high OT groups (mean ± SEM: Low OT: 142.3 ± 3.34 pg/mL, High OT: 254.6 ± 7.925 pg/mL, P < 0.0001). Maladaptive behavior score of Vineland-II scale was significantly lower in low OT than in high OT group (P = 0.005). Adaptation to change category of CARS-2 showed significantly lower scores in low OT than in high OT group (P = 0.003) (Figure 2 ).
Discussion
In the present study, we have found that oxytocin levels positively correlated with CARS-2 category of Adaptation to change. This means that more OT is associated with more abnormal adaptation to change abilities. This finding was confirmed by parametric testing of differences among low and high OT groups, where high OT group scored significantly higher in this category than low OT group.
Oxytocin levels positively correlated with The Vineland Adaptive Behavior Scales-subscale of maladaptive behavior. This subscale consists of internalizing and externalizing factors. Oxytocin positively correlated with both subscales as well as with total maladaptive scores. Children possessing either internalizing or externalizing maladaptive behavior are generally not popular among their peers and their behavior is a strong handicap in initializing and maintaining any form of positive social bonds. Total maladaptive behavior scores were higher in high OT group in contrast to low OT group.
These results seem to be somehow controversial, since OT does not seem to be protective against one autism trait which is adaptation. The exact opposite trend seems to be found in our sample; oxytocin was related to more severe adaptation abilities confirmed by two powerful psychological tools. These associations were significant by employing more stringent parametric tests despite the small sample size. Furthermore, we have found a positive association of peripheral OT levels with reciprocal interaction and communication subscales of ADI in Slovak children with autism, more severe communication and interaction difficulties were connected to higher OT in patients with autism. However, OT levels in patients with autism were lower than in healthy age-matched controls (unpublished data). A more severe phenotype in children with autism measured by CARS-2 and Vineland-II scales could reflect impaired OT signaling due to decreased expression and/or sensitivity of the oxytocin receptor. As a compensatory mechanism OT levels could be elevated in these patients, however, they are still lower than OT levels in healthy individuals. In addition, OT signaling may be altered in patients with autism due to a different development of neuronal circuits and thus reflect distinctive patterns of behavior in these children compared to healthy individuals as discussed below. Nevertheless, a small sample size and absence of a control group are strong limitations of the present study.
There are a limited number of studies which examined hormonal levels in connection to behavior in ASD. Modahl [4] showed that OT was negatively associated with Daily Living Skills, Interpersonal Relations, and tended to be negatively associated with Communication and overall Adaptive Level of Vineland standard scores. Thus in this study, overall adaptive level seemed to be negatively correlated with OT levels, which is in partial agreement with our results. On the other hand, OT was positively associated with these characteristic in control group [4] . It is possible that oxytocin employs distinct mechanisms in regulating social behavior in children with autism and in healthy individuals.
In the study by Green et al. [5] , oxytocin C-terminal extended peptide which was abundant in ASD sample was correlated positively with stereotype behavior measured by Autistic Disorders Checklist (ADC). Al-Ayadhi [6] found no significant correlation between the degree of autism and plasma levels of oxytocin or vasopressin. Finally, the last study by Miller [8] showed no differences in OT levels between ASD and control subjects. However, he found significant gender differences. Girls had higher levels of OT, while boys had significantly higher levels of vasopressin. Higher OT correlated positively with greater anxiety in girls, and with better pragmatic language in all boys and girls.
These findings suggest that there may exist distinct mechanisms of OT action in boys and girls in modulating the different patterns of behavior.
However, it remains questionable how precisely the peripheral levels of oxytocin reflect its central levels and central actions.
In addition, different autism traits may have several etiologies, which may differ between sexes. Nevertheless, profound social deficits represent a core symptom in all ASD patients. Several studies show a correlation of social deficits with oxytocin system, i.e. polymorphisms in oxytocin receptor gene [22] . Moreover, these social deficits seem to be at least partially improved after oxytocin administration in autism patients [7, [10] [11] [12] . All of these findings strengthen the importance of the oxytocin system in ASD etiology. However, exact mechanisms of OT actions remain to be clarified.
In our sample we have not found any correlations among testosterone levels and symptoms or behavioral characteristics in ASD subjects. One of the causes may be the small sample size.
Information about correlations of actual sex steroid levels in autism and behavioral parameters and autism symptoms are lacking. However, a recent study in healthy children showed that higher postnatal testosterone levels in early infancy were predictive of more male-typical behaviors in the second year of life with more autism spectrum behaviors [23] . In addition, number of studies connects prenatal testosterone levels measured in amniotic fluid or predicted from 2D:4D ratio and various types of autism spectrum behaviors in healthy population [24] . In fact, actual circulating hormones are possible predictors of special types of behavior, however, this effect seems to be an activation of early prenatal brain organization. Thus it is important to consider also prenatal organizational hormonal influences. However, this is very difficult to study and only indirect measures are usually available in narrow populations like ASD.
This pilot study has several limitations including small sample size and both sexes evaluated together (7 males, one female), facts that may have affected the analyses. However, since the age of subjects was 3 to 5 years, we have decided not to exclude one girl from the cohort. Enlargement of the sample is needed to confirm our preliminary results.
In conclusion, we have found that OT levels negatively affect adaptation abilities in all ASD subjects. No relationship among T and autism symptoms or behavioral characteristics was observed. Both examined hormones are related to social bonding properties in human and nonhuman species. According to the steroid/peptide theory of social bonds, specifically defined behavioral patterns affect levels of steroids and neuropeptides and these in turn facilitate or inhibit social bonds [25] . Further studies are needed to define these behavioral patterns and the way they may facilitate or inhibit expression of particular phenotypes underlying ASD.
